Isolated coronoid fracture: Assessment by magnetic
resonance imaging for concomitant injuries
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ABSTRACT

Background: Ligamentous injury associated with isolated coronoid fracture had been sparingly reported. Concealed or unclear
fractures and ligamentous or articular cartilage lesions are promptly acknowledged by magnetic resonance imaging (MRI) but
cannot be entirely pictured in regular radiological assessments. In isolated coronoid fracture, the fragment size is very small and
due to the complex anatomy surrounding the coronoid radiographic imaging may not be sufficient. The purpose of this study
was to evaluate the incidence of combined osteochondral and ligamentous injuries by magnetic resonance imaging (MRI) in
24 patients with an isolated coronoid fracture.

Materials and Methods: In a retrospective study conducted at tertiary hospital between 2009 and 2011, elbow
radiographs (anteroposterior and lateral views), computed tomography scan images, and MRl in the sagittal, coronal, axial, oblique,
and coronal oblique planes were collected and reviewed. Musculoskeletal radiologist with subspecialty training in musculoskeletal
MR interpretation and a fellowship-trained shoulder and elbow surgeon evaluated the MRI.

Results: The incidence of associated injuries revealed torn lateral collateral ligament (LCL) in all 24 patients (100%) while
15 patients (62.5%) had common extensor muscle tears. Seven of 24 elbows (29.2%) showed medial collateral ligament (MCL)
tear, and 13 of 16 patients (81.3%) with anteromedial facet fracture had MCL attached to the fragment. Five of 24 (20.8%) cases
had contusions on the radial head. On the distal humeral side, 15 patients had bone contusions on the posterior inferior of the
trochlear on sagittal view. The ligament affections of the LCL were confirmed intraoperatively and repaired.

Conclusion: LCL injury was consistent in all isolated coronoid fracture. The forces resulting in the injury appear similar to
varus distraction forces acting in the knee leading to distraction injuries of the lateral structures of the knee joint. As concurrent
osteochondral injuries and ligamentous injuries are not rare, magnetic resonance analysis serves as an excellent tool for analysis
of the ligamentous injuries preoperatively and aids in surgical planning.
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INTRODUCTION

he coronoid process has a critical role for the
stability of elbow joint because it is a key bony
constraint for the elbow stability during flexion and
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extension. Regan-Morrey classified coronoid fractures
in three categories based on lateral X-ray of the elbow.!
Type 1 involves the tip of coronoid, type 2 involves <50%
of the coronoid height, and type 3 involves more than
50% of the coronoid height.?? O’Driscoll et al., proposed
a classification for coronoid fractures that highlighted the
location and size of the fragment, including fractures of the
anteromedial facet of the coronoid, based on computed
tomography (CT) scan.?*
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The coronoid has multiple soft tissue insertions; the
anterior part of the joint capsule, the medial collateral
ligament (MCL) and the brachialis muscle. However, the
severity of soft tissue injury that occurs with various types
of the coronoid fractures has not been fully appreciated.
Ligamentous injury associated with isolated coronoid
fracture had been sparingly reported.>?

Concealed or unclear fractures and ligamentous or articular
cartilage lesions are promptly acknowledged by magnetic
resonance imaging (MRI) but cannot be entirely pictured
in regular radiological assessments.® In isolated coronoid
fracture, the fragment size is very small and due to the
complex anatomy surrounding the coronoid radiographic
imaging may not be sufficient.?

The purpose of this study was to identify the incidence of
associated osteochondral and ligamentous injuries by MRI
in patients admitted with isolated coronoid fractures and
investigate the mechanism of these associated injuries. In
terms of ligament repair could be advised to the patients.

MATERIALS AND METHODS

A retrospective study was undertaken on 24 consecutive
patients admitted to a tertiary level trauma center with an
acute isolated coronoid fracture identified on the initial
anterior-posterior and lateral elbow radiographs.

Axial and longitudinal instability presenting with tenderness
at the distal radioulnar joint was an exclusion criterion. In
addition, patients with any other fractures around the elbow,
such as olecranon, radial head, or capitellum fractures,
were excluded. Elbow dislocations were excluded. Patients
older than 65 years with the presence of osteoarthritis were
excluded.

The initial radiologic evaluation of each elbow was done
with standard anteroposterior and lateral radiographs
and CT scans that identified the presence of an isolated
coronoid fracture. The fracture was classified as per
classification established Regan and Morrey! using plain
radiographs [Figure 1a], andO’Driscoll classification?
using the CT scan images [Figure 1b]. MRI evaluation
was performed with the affected elbow in a splint in the
position of ease in the sagittal, axial, coronal, axial, oblique
and coronal oblique planes. MRIs were obtained from a
GE Signa LX 1.5T (GE Healthcare Milwaukee, WI, USA).
Imaging was done with a 5-inch surface coil. Inversion
recovery was used to estimate the bruising in bones.
Ligament integrity was verified by the use of gradient
echo imaging, whereas fractures were best assessed
by the use of T1l-images and inversion recovery. Joint

Figure 1: (a) Plain radiograph lateral view of elbow joint showing
isolated coronoid fracture. (b) Sagittal computed tomography scan
showing the isolated coronoid fracture

alignment was also assessed by the use of T1-images.
Adequate MRI images were obtained [Table 1]. The MRI
were done once only. Musculoskeletal radiologist with
subspecialty training in musculoskeletal MR interpretation
and a fellowship-trained shoulder and elbow surgeon then
evaluated the MRIs. The observers were blinded regarding
patients identity.

Statistical analysis

To test accuracy, reliability, and repeatability, the original
and repeat readings of MRIs were made by 2 independent
observers. Intra- and inter-observer reliability in identifying
the integrity of the lateral collateral ligament (LCL) was
assessed for 5 randomly chosen MRIs from 3 trials with
results quantified by the use of a scale ranging from 0 to
5 (0, intact, 5, complete rupture).” One observer made 3
separate readings of the defined structure, and a second
observer made a single measurement to provide assessment
of interobserver variation.®

The F-test was performed to test the homogeneity of the
variance for interobserver reliability. The coefficient of
variance was measured for intra observer reliability.

REesuLTs

The patient population consisted of 18 men and 6 women.
The average age of the patients was 37 years (range
12-65 years).

The participants did not present with elbow instability at
first clinical encounter. The significant clinical observation
was pain. On plain radiographs, the Regan-Morrey type 1
fracture was found in 7 patients, type 2 in 14 patients, and
type 3 was found in 3 patients.

Based on CT scan, we found that 6 patients had
O’Driscoll type 1,16 patients had O’Driscoll type 2
(subtype 1 [n = 3], subtype 2 [n = 9], and subtype 3
[n = 4]). Two patients had O’Driscoll type 3 coronoid
fractures.
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Table 1: Clinical details of the patients

Demographic data Coronoid fracture
classification

Bone lession

Soft tissue lession

Age Sex Limb O’Driscoll Regan- Radial head Distal humerus Extensor muscle LCL MCL Flexor
(years) Morrey Fracture Edema/nondisplace Bone bruise muscle
44 Female Right 1I-2 2 None None Ulnar side posterior, complete Yes None None
osteochondral lesion
29 Male  Left 11-3 3 None None Ulnar side posterior None Yes None None
65 Female Left 11-1 3 None bruise anterior Ulnar side posterior, partial Yes Yes Yes
28 Male  Left 1I-2 2 None bruise anterior Radial side posterior partial Yes None None
27 Male  Left 11-1 2 None None Ulnar side posterior None Yes None None
35 Male  Right I-2 1 None None None complete Yes None None
53 Female Right 111-1 3 None None Ulnar side posterior, partial Yes Yes None
osteochondral lesion
30 Male  Left I-1 1 None None None partial Yes None None
41 Female Left 11-3 2 None None None None Yes None None
47 Male  Right 11-3 2 None None Ulnar side posterior None Yes None None
26 Male  Left 1I-2 2 None None Ulnar side posterior  partial Yes Yes None
31 Male  Right I-2 1 None bruise anterior Ulnar side posterior complete Yes None None
30 Male  Right 1I-2 2 None None Ulnar side posterior  partial Yes Yes None
46 Male  Left 1I-2 2 None None None partial Yes None None
12 Male  Right -2 1 None None None partial Yes Yes None
41 Male  Left 11-2 2 None bruise anterior Ulnar side posterior None Yes None None
38 Male  Left I-2 1 None None None None None None None
18 Male  Left I-2 1 None None None None Yes Yes None
39 Male  Left 1I-2 1 None bruise anterior Ulnar side posterior partial Yes None None
34 Female Left 1I-2 2 None None Ulnar side posterior  partial Yes None None
45 Male  Left 11-2 2 None None Ulnar side posterior  Fracture condyle Yes None None
fracture left condyle

35 Male  Left 11-3 2 None None Ulnar side posterior  partial Yes Yes None
51 Male  Right 11-1 2 None None None None Yes None None
37 Female Right 11-1 2 None None Ulnar side posterior complete Yes None None

LCL=Lateral collateral ligament, MCL=Medial collateral ligament, MRI=Magnetic resonance imaging

Of 24 isolated coronoid fractures in this series, regardless of
the type of fracture, LCL tear was shown by MRl in all cases
(100%) [Figure 2]. Fifteen patients (62.5%) had common
extensor muscle tears (four complete tears and 11 partial
articular side tears) and one patient had an avulsion fracture
of the lateral epicondyle where the common extensor and
LCL complex are attached.

We found less frequency of medial soft tissue injuries.
Seven of the 24 elbows (29.2%) showed MCL tear on
MRI, of which two were O’Driscoll type 3, three were
type 2 and two were type 1. One case with a type 3
Regan-Morrey and O’Driscoll coronoid fracture also has
common flexor origin tear. Thirteen of 16 patients (81.3%)
with anteromedial facet fracture had MCL attached to the
fracture fragment.

In the plain radiographs and CT scan, we confirmed that
none of our patients sustained radial head fractures. MRI
evaluation showed that five of the 24 (20.8%) cases had
bone contusions on the radial head and all were on the
anterolateral side. Two of these cases occurred in type 2
coronoid fracture, one in type 3 and one in type 1.

On the distal humeral side, bone contusion was observed
mainly on the trochlear side (66.7%). Only two of the
16 cases had distal humerus bone contusion on the
capitellum side, and both also had radial head bone bruises.
Fifteen patients had trochlear side bone contusions, which
were all on the posterior inferior side on sagittal view.

Anteromedial facet coronoid fractures were found in
14 patients, of which only one patient had a tip fracture.

All of the patients who had LCL lesions on MRI had
opening of joint on preoperative fluoroscopic examination
(24/24.[100%]). Lateral side opening on clinical examination
was not always possible to be documented because of
pain and restricted range of motion immediately after
the fracture. Elbow examination under GA showed some
amount of instability. The coefficient of variation was less
than 5% for intraobserver reliability. The F test between the
2 observers was not statistically significant for each MRI set.

DiscussioN

The degree of ligamentous injury that occurs with an
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Figure 2: Coronal T2-weighted short tau inversion recovery magnetic
resonance imaging showing increased radiocapitelllar distance and
ruptured lateral collateral ligament

isolated coronoid fracture was not fully appreciated in the
literature. Elbow arthrography has been sometimes used
to demonstrate capsular or ligamentous disruptions with
various types of radial head fractures.'?

MRI scanning can identify ligamentous or articular
cartilage lesions that are not usually identified during
radiologic evaluations.® MRI provides useful information
in the evaluation of the LCL and MCL of the elbow.!*!2
Most radiology anatomy reference texts image the elbow
in extension and supination.®!*2 However, most injured
elbows are splinted or casted and subsequently imaged in
90° of flexion with the forearm in the neutral position, making
the identification of the collateral ligaments challenging.

If the fracture is complex, the treatment plan is based on the
associated injury. In this study, seemingly uncomplicated
isolated coronoid fractures were found to have a high
incidence of LCL tear, which is an important stabilize for
posterolateral rotatory instability of the elbow joint.!314

Detailed MR analysis can provide some information
regarding the mechanism of the injury. According to the
observation of the study, we can concur that isolated
coronoid fractures may occur due to an axial load or
severe varus stress, causing lateral tension and subsequent
concurrent rupture or partial tear of the LCL. This suggested
pathomechanics is illustrated in Figure 3.

Our results showed that isolated coronoid fractures that
were advised to be treated conservatively often have
associated ligamentous and/or osteochondral injuries
that may have significant implications on prognosis
and appropriate treatment protocols are needed to be
designed.* We strongly recommend a detailed clinical
and radiographic examination in every case of isolated

Stable elbow

Coronoid Fx
d/t varus+ER

Simple Dislocation
d/t varus+ER

Figure 3: Suggested mechanism of isolated coronoid fracture is varus
external rotation with posterior directed force. The hinge point is placed
at medial coronoid facet when the fracture occurs

coronoid fracture. Careful examination under fluoroscopy
should be performed and may be helpful in determining the
presence of associated ligamentous injuries. MRI should be
reserved for those cases that present any type of pathology
after the initial radiologic and fluoroscopic evaluation.
A high level of suspicion should be used when one is
treating these type of fractures, because osteochondral,
and/or ligamentous injuries are present. These associated
injuries may have important treatment implications such
as recurrent subluxation and instability. Being retrospective
in nature, the study has some inherent limitations. As to
date, the quantification of the elbow instability remains
elusive. When to decide whether the instability is significant
enough to operate requires long term followup and a
randomized control trial with patients with only the LCL
injury treated conservatively and surgically. The amount of
instability due to the LCL injury can be further investigated
in a biomechanical setup in the presence and absences of
coronoid fracture.
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